Although no changes were detected in the frequency of Th1 or Th17 cells, the percentages of peripheral Tregs increased after therapy. In addition, the infrequent Th17/Th1 subpopulation showed a significant increment in tocilizumab-treated patients. In conclusion, tocilizumab was able to skew the balance between Th17 cells and Tregs towards a more protective status, which may contribute to the clinical improvement observed in RA patients.
Introduction
Interleukin (IL)-6 is a pleiotropic cytokine produced by several cell types, including T and B lymphocytes, and synovial fibroblasts. This cytokine binds to membrane-anchored or soluble IL-6 receptor (IL-6R), which associates and delivers signals through gp130, a widely expressed membrane protein, allowing IL-6 to act on many tissues [1] . IL-6 has been associated with rheumatoid arthritis (RA) pathogenesis, as elevated levels of IL-6 on RA patients' sera and synovial fluid correlate with high disease activity [2] . IL-6 contributes to the inflammatory and degenerative process in RA through multiple mechanisms. For instance, it promotes an increase in acute phase proteins, osteoclastogenesis and bone resorption, plasmatic cell differentiation, and T cell proliferation [3] . Tocilizumab is a humanized anti-IL-6R antibody that has demonstrated effectiveness in reducing disease activity and delaying joint destruction in RA patients [4] .
Recent evidence suggests that keeping an adequate balance between pathogenic T helper type 17 (Th17) cells and protective regulatory T cells (Tregs) is critical for preventing the development of RA and other inflammatory diseases [5] . Pioneer experiments performed with murine naive T cells suggested that Th17 and Tregs have a common but mutually exclusive developmental pathway. It was demonstrated that both lineages depend on transforming growth factor (TGF)-b for their development; however, when IL-6 was added to the culture medium Treg differentiation was repressed, while Th17 differentiation was completed [6] . There is no consensus regarding the cytokines required for Th17 and Treg differentiation in humans. Based on in-vitro studies, some authors have proposed that, as in the mouse, IL-6 is a suppressor of Treg induction, while it potentiates Th17 development together with TGF-b, IL-1b, IL-23 and IL-21 [7, 8] . In order to explore the effects of IL-6 on human Tregs, Th17 and Th1 cells in vivo, we analysed the frequency of these cells in the peripheral blood of active RA patients treated for 6 months with tocilizumab.
Materials and methods

Patients
We recruited eight female patients meeting the American College of Rheumatology (ACR) criteria for RA, who exhibited an active disease as defined by a Disease Activity Score for 28 joints (DAS28) > 5·1, regardless of receiving treatment with disease-modifying anti-rheumatic drugs (Table 1) . At study entry, patients presented a mean Ϯ standard deviation (s.d.) age of 48 Ϯ 9 years and disease duration of 3·5 Ϯ 2·6 years. Patients received tocilizumab intravenously (8 mg/kg of body weight), monthly, for 24 weeks. The ACR20, ACR50 [9] and European League Against Rheumatism (EULAR) criteria [10] were used to define response to treatment. Blood samples were drawn at study entry and every 8 weeks. Seven female healthy individuals were recruited as controls (mean Ϯ s.d., age 44·1 Ϯ 8·3 years). The study was approved by the Ethical Committee of the Hospital Clínico, Universidad de Chile, and patients and donors gave their written consent.
Flow cytometry
Peripheral blood mononuclear cells (PBMCs) were obtained from blood samples by density gradient with Ficoll-Paque (GE Healthcare, Uppsala, Sweden) and cryopreserved in liquid nitrogen until use. For IFN-g and IL-17-producing CD4 + T cell evaluation, cells were stimulated with 15 ng/ml phorbol 12-myristate 13-acetate (PMA) and 1 mg/ml ionomycin (Sigma-Aldrich, St Louis, MO, USA) for 5 h at 37°C and 5% CO2, in the presence of 3 mg/ml brefeldin A (eBioscience, San Diego, CA, USA). Cells were stained with anti-CD3-fluorescein isothiocyanate (FITC) and anti-CD8-phycoerythrin-cyanin 5 (PE-Cy5) antibodies (BD Biosciences, San Jose, CA, USA). Subsequently, cells were permeabilized with a fixation/permeabilization kit (eBioscience), incubated with anti-IFN-g-PE (BD Biosciences) and IL-17-allophycocyanin (APC) (eBioscience) antibodies and fixed for flow cytometry. For Treg determination, PBMCs were incubated with anti-CD4-FITC and anti-CD25-PE-Cy7 antibodies (eBioscience), permeabilized with a forkhead box protein 3 (FoxP3) fixation/permeabilization buffer set (eBioscience) and incubated with anti-FoxP3-PE antibody or rat immunoglobulin (Ig)G2a-PE antibody (eBioscience) as an isotype control. Data were acquired in a FACSCalibur flow cytometer (BD Biosciences) and analysed using WinMDI version 2·9 software. A region was set in CD3 +
CD8
-cells to define the CD4 + T cell population, and Tregs were defined as CD4 + FoxP3 + cells, which contained cells expressing high levels of CD25 (Fig. 2a,b) .
Statistical analyses
To compare cell populations at baseline with those obtained after therapy, the two-tailed Wilcoxon signed-rank test was used. Differences between RA patients and healthy controls were analysed using the two-tailed Mann-Whitney U-test. The Spearman test was applied for correlations between clinical and immunological variables. P < 0·05 was considered significant. For statistical analyses and graphics, Prism version 5 software (GraphPad, San Diego, USA, USA) was used.
Results
A significant decrease in clinical parameters of disease activity and severity [erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), DAS28 and Health Assessment Questionnaire (HAQ) scores] was observed in this group of RA patients after 6 months of tocilizumab therapy (Table 1 ). In agreement with these results, seven of eight and five of eight patients achieved ACR20 and ACR50 response criteria, respectively. According to the EULAR criteria, seven of eight patients showed a good response, while one patient exhibited a moderate response.
We assessed the frequency of the main CD4 + T cell effector subpopulations involved in RA pathogenesis, Th1 and Th17 cells as determined by the production of IFN-g and IL-17, respectively, after a polyclonal stimulus of PBMCs obtained from blood of RA patients receiving tocilizumab therapy, and compared them to healthy controls (Fig. 1a) . As described previously [11] , no significant differences in the percentages of Th1 and Th17 cells were observed between RA patients at baseline and healthy controls (Fig. 1b,c) . Unexpectedly, no decrease was detected in the frequency of these cell subpopulations after 6 months of IL-6R blockade (Fig. 1b,c) . As anti-IL-6R therapy did not affect the number of total CD4 + T cells per ml of blood Table 1 . Clinical characteristics of rheumatoid arthritis patients at baseline and after 6 months of therapy with tocilizumab.
ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; HAQ: Health Assessment Questionnaire; DAS28: Disease Activity Score for 28 joints; s.d.: standard deviation.
(data not shown), we concluded that changes in percentages of different populations represent changes in their absolute frequencies.
Interestingly, a subpopulation of CD4 + T cells was identified that simultaneously secrete IFN-g and IL-17 when PBMCs of RA patients were stimulated in vitro with PMA and ionomycin (Fig. 1a) . This subpopulation has been described in inflamed tissues and designated 'Th17/Th1 cells' [12] . Of note, Th17/Th1 cells were present in significantly higher frequencies in RA patients than in healthy controls, where they were almost undetectable (P = 0·0022) (Fig. 1d) . Surprisingly, Th17/Th1 cells showed a significant increase as early as 2 months after therapy was initiated, and remained elevated until the end of the protocol (P = 0·0078 for 2, 4 and 6 months of tocilizumab therapy) (Fig. 1d) .
Conversely, the proportion of Tregs was reduced in PBMCs from RA patients at baseline in relation to healthy controls (P = 0·0003) (Fig. 2c) . Remarkably, treatment with tocilizumab induced a significant and sustained increase in the Treg subpopulation after 4 and 6 months of therapy (P = 0·0078 for both comparisons) (Fig. 2c) . Of note, no significant associations between changes in clinical parameters and changes in T cell populations along time were detected (data not shown).
Finally, the ratio between Tregs and Th17 cell frequencies in PBMCs from RA patients and healthy controls was analysed. A lower Treg/Th17 ratio was observed in RA patients in comparison to healthy controls, although this difference was not statistically significant (P = 0·0721). In RA patients, this ratio showed a trend to increase throughout the tocilizumab therapy, approaching the mean ratio exhibited by healthy controls; however, only the difference between baseline and 4 months of therapy was statistically significant (P = 0·1953, P = 0·0078 and P = 0·0547, for baseline versus 2, 4 and 6 months, respectively) (Fig. 2d) .
Discussion
In recent years, IL-6 has been considered a key cytokine for tailoring the fate of naive T cells toward the proinflammatory Th17 phenotype, to the detriment of Treg peripheral induction [6] . The aim of this study was to assess the effect of an IL-6 antagonist on the balance between Th17 and Treg subpopulations in RA patients. Our data demonstrate that 6 months of therapy with tocilizumab induced an increase in the frequency of Tregs in the blood of RA patients, while no significant variations were detected in the percentages of Th17 cells. Our results are in line with studies demonstrating an inhibitory effect of IL-6 over the Treg population [8] , as we observed that inhibiting IL-6 function led to an increase in peripheral Tregs, which are diminished in the blood of RA patients in comparison to healthy controls, as described previously [13] . This increase in Tregs may be important for the positive clinical response to tocilizumab observed in most patients.
In parallel, we did not observe significant changes on the frequency of Th17 cells following tocilizumab therapy. These results are in agreement with those obtained in murine models of arthritis, in which anti-IL-6R antibodies administered at disease onset prevented arthritis induction and Th17 differentiation, whereas the same treatment applied at later stages was not able to reproduce these effects [14, 15] . Those results, as well as our data, suggest that IL-6, although necessary for Th17 induction, is dispensable to sustain the Th17 response, a role that is probably assumed by IL-7 in mouse and in humans [16] . Conversely, a recent report described a drop in Th17 frequencies, together with an increase in Tregs, in RA patients after three doses of tocilizumab [17] . Noticeably, the data presented herein show a tendency for a decrease in Th17 cells after 2 months of treatment, although the frequencies of this population were recovered at later time-points.
Another interesting finding of our study is the presence of an infrequent population of CD4 + T cells that simultaneously produce IFN-g and IL-17 (Th17/Th1) in in-vitrostimulated PBMCs of RA patients, which is almost absent in healthy controls. These cells have been found in joints of RA and juvenile idiopathic arthritis (JIA) patients and also, at low frequencies, in the blood of healthy or diseased individuals [11, 12, 18, 19] . Our results confirm previous data showing elevated Th17/Th1 cell frequencies in the blood of RA patients compared to healthy individuals [18] . It has been suggested that Th17/Th1 cells are derived from Th17 cells exposed to a proinflammatory milieu [12, 19] . Although there is much controversy regarding Th17/Th1 cells functions in health and disease, studies in mice have suggested that IFN-g expression in Th17 cells is necessary for autoimmune damage [20] , and Th17/Th1 cell frequencies in joints have been associated positively with inflammatory parameters in JIA [21] . Interestingly, in this study we found that IL-6 inhibition provokes a sharp increase in the percentage of Th17/Th1 cells in almost all patients. This phenomenon can be caused by an increase in the rate of conversion from Th17 to Th17/Th1 cells, as it has been described that IL-6 is able to stabilize the phenotype of differentiated Th17 cells [22] . Alternatively, IL-6 blockade may impair the recruitment of Th17 and Th17/Th1 cells to inflamed joints via the chemokine receptor CCR6, as tocilizumab decreases serum levels of its ligand, CCL20 [23] , thus leading to accumulation of these cells in the blood. A definitive conclusion regarding this issue, and the explanation of why Th17 cells did not follow the pattern of Th17/Th1 cells, could be drawn after evaluating these subpopulations in synovial fluid of tocilizumab-treated patients. Overall, our results indicate that blocking IL-6 in vivo is sufficient to skew the balance between Th17 and Tregs in peripheral blood, favouring a more protective response in the context of an inflammatory disease such as RA. Although the scope of our work is limited, given the restricted number of patients, we believe that this study constitutes an important step to understanding the role of IL-6 in RA pathogenesis. It is likely that a more extensive use of IL-6 antagonists in RA, together with forthcoming in-vitro studies, will extend the reach of the findings presented herein.
